Abstract
Introduction
Many countries in the world record annual summary statistics such as economic indicators (example Gross Domestic Product: GDP) and vital statistics (example number of births and deaths). In particular, Statistics South Africa (STATSSA) collects annual data on nationwide number of deaths and associated causes. Tuberculosis (tubercle bacillus-TB) is an infectious disease caused by bacteria called Mycobacterium tuberculosis. These bacteria attack mainly the lungs (pulmonary TB), but also at lower extent other parts of the body such as the central nervous system, circulatory system, and the skeletal system (Khaled, 2008) .
TB is the main cause of death in the world among all infectious diseases (Herchline and Amorosa, 2010) . TB is classified as latent when it is not yet causing illness or active when illness has already been developed. HIV/AIDS acts as catalyst to the occurrence of TB; hence it can dramatically increase the proportion of active TB cases. A study done in India by Vaidyanathan and Singh (2003) revealed that people infected with mycobacterium tuberculosis alone have an approximately 10% life time risk of developing active TB, compared to 60% or more in persons co-infected with HIV and mycobacterium tuberculosis.
The research work in this study uses the 2007 Statistics South Africa (STATSSA) data on TB as the primary cause of death to build statistical models that can be used to investigate factors associated with death due to TB.
According to Singer (1997) TB problem in South Africa TB tends to affect the poorer populations, who have historically suffered a low standard of health care. In 2006, South Africa was ranked seventh highest by the WHO among the 22 TB high burden countries in the world; and fourth highest in Africa; with an estimated incidence of all TB cases of 940 per 100,000 in the population (WHO, 2008 In South Africa, more than 16% of the populations are infected with HIV, and 1000 people die from AIDS-related diseases each day, and two-thirds of those with HIV also suffer from TB, because of their weakened immune systems (AMREF, 2008).
Theoretical Framework
This study will be guided by a theoretical approach to understanding factors associated with TB death. Such factors can be defined into the following figure: 
Methodology
The data used in this study is registration and records survey data on deaths from various causes gathered by Statistics South Africa in 2007. Our special interest is on deaths due to TB and HIV.
Exploratory analysis is performed using graphical displays and some basic summary statistics in the form of tables. Logistic regression and generalized linear models (GLM) will be used to assess the effect of some risk factors or predictors to the number of deaths associated with TB. Statistical modeling and analysis will be done using STATA software.
Objectives
The study aims to understand factors that can be used to explain TB mortality in South Africa. The work will be concerned with statistical methods that can be best used to model these associations through the following specific objectives: i) To evaluate the proportion of deaths associated with TB/HIV in South Africa ii) To review regression modeling for relating a binary namely death due to TB to a number of predictor variables including HIV co-infection. iii) To investigate the factors associated with TB mortality in South Africa.
Results
The data sourced from Statistics South Africa consist of 615312 deaths from various causes in the year 2007. As a preliminary exploratory analysis, the use of tools such as cross tabulations and graphical displays will guide in understanding important relationships.
Results from such an exploratory analysis will assist in building a more formal statistical model to understand the relationship between key predictor variables and the response variable. Our interest in the current work is death due to tuberculosis (TB) and HIV. The synergy between TB and HIV has attracted a huge interest in recent times.
However, in this study, the author most importantly considered some variables such as age group, sex, marital status, and education level namely those which have potential significant effect on TB death and HIV death defined as the presence or absence of the disease.
of the 615312 deceased people, (89%) died from natural death and disease, specific conditions (2%) were stillborn and (9%) died from non-natural death (possibly accidents, murder, suicide).
Among the 546917 who died from natural death and disease, (12%) died of TB. 
Logistic Regression Model (LRM)
The logistic regression model (LRM) is a special case of generalized linear models. The logistic regression model will be discussed because it will be the main application tool in analysis of the mortality data in the study. 
Social Characteristics
or in terms of the logit function as
where are interpreted as log odds ratios with respect to the reference level of the factor variable under consideration.
Odds ratios
For the logistic regression model given by (1) 
Cluster Survey Logistic Regression Model (CSLRM)
Logistic regression models used to analyze data from the complex sampling designs will be called survey logistic regression models in this study, to distinguish between them from ordinary logistic regression models discussed above. Survey logistic regression models follow the same theory as ordinary logistic regression models. The exception is that they account for the complexity of survey designs. When data are from simple random sampling, the survey logistic regression model and the ordinary logistic regression model are identical
In order to concisely define the model consider the problem of disease prevalence in epidemiology. Let
be the probability that the disease is present and In fitting the models, TB status was the response variable. Results for both simple and cluster survey logistic regression models are presented in Table 2 . Notice that the estimated coefficients are the same from both procedures, but standard errors produced by logistic regression are relatively small compared to those from the survey logistic regression. 
Discussion and Conclusion
The exploratory analysis carried out in this study indicates that TB incidence is higher among males than females; the reason is that males tend to work in more TB conducive environments than females. One possible working environment is that males work in mines more than females where shafts in mines are poorly ventilated and therefore facilitating very easy spread of TB bacteria. Migrant mine workers carry the bacteria back home during holidays and spread it to their surrounding areas.
The preliminary results on TB death data indicate that TB prevalence seems to be higher among younger individuals. The reason is possibly due to the fact that younger individuals are increasingly becoming more vulnerable due to co-infections with HIV. Given TB is one of the opportunistic infection among HIV infected individuals may explain this correlation.
Exploratory analysis also suggests that people with low level of education are more TB infected. Those who live in informal settlements and working for crowded environments including households and those who work in crowded environments such as in factories where there is a lot of pollution tend to die of TB than other living and working condition.
The exploratory analysis also indicates that HIV is more prevalent among females than males. The reason is that females are exposed to sexual abuse, rape and commercial sex activities for survival which expose them to HIV infection. The prevalence in young individuals could be due to the fact that they are more sexually active and inexperienced which lead them to be at higher risk of HIV infection. The exploratory analysis shows that the level of education is important in explaining the risk of HIV infection. Individuals with lower education levels tend to be less informed about the risks of HIV. Low levels of education, poverty, overcrowding and unemployment are much associated with the less knowledge about HIV/AIDS.
TB and HIV are linked and people with TB that are infected with HIV have increased risk of dying from TB than HIV negative ones. Chart 1 and chart 2 shows that the risk of TB infection is higher among individuals infected with HIV compared to those who are HIV negative. People who are HIV positive are at higher risk of TB infection. The observed probability of dying of TB given HIV positive is 24% compared to 10% for HIV negative. On the other hand, the chance of being HIV positive is higher among individuals who died of TB than among those who did not die of TB. The table shows that 24% were reported to have died due to coinfection while 10% died of TB but not with HIV. The results also shows that individuals die of other causes of death (non TB) while infected with HIV (76%). The above figures shows that the study of the joint dynamics of HIV and TB present formidable mathematical challenges due to the fact that the models of transmission are quite indistinct. Furthermore, HIV activates TB and an individual who dies of TB could have been co-infected with HIV. Here the risk of TB and HIV infection give 24%.
Finally, this study was able to quantify factors related to TB and coinfection with HIV and such results will help to guide decisions on how to mitigate the problem.
The major limitation of the study is the data which is very large and could not allow analysis at the level of individual members; therefore policy makers and further researchers should focus more on individual level, for example TB and HIV co-infected individuals. In addition to that, analysis at the individual level might give more insight into the disease than analysis at the general level.
